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Outline

•Whyshoulddilutionwork?

•Errorbehaviourfor2quarkmasses

•Comparisonwithaconventionalnoisemethod

•Signalforotherstates

•Conclusionsandoutlook
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Theeffectoftimedilution
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Thepioncorrelationfunctionwithout,andthenwithtimedilution.
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Motivationfordilution

•Anundilutednoisevector,ηhaselementsofO(1)

•Thefermionmatrixisdiagonallydominant,sothesolutionto

Mψ=ηisalsoO(1)

•Thesignaldecaysintase
−λt

,soweareattemptingtoextracta

signalofO(e
−λt

)bycancellation(acrossourensemble)ofthe

contractionofelementsofO(1)

•Timedilutionofηmeansthatψ(t)alsodecaysintimefromthe

dilutionsourcetimeslice.So,uponcontractionthesignalandthe

elementsweextractitfromareofcomparableorder
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TerminologyandParameters

•Dilutionnotation

Dilutionofηisitsdecompositionintosubspaces

accordingtothedilutionmethod.

Weinvestigatedilutionin

T=time,S=space,C=colourandG=spin

Thedilutionsusedinthesedegreesoffreedomcanbe

f=full,e=evenoddorx=None
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•EqualCost

Inthissimulationequalcomputationalcostistakentomean

anequalnumberofconjugategradientinversionsofthe

fermionmatrix.

Fullspindilution=4×NTCGinversions

Equalcostto4timedilutednoisesources

•SimulationParameters

LatticeSize(12
3
∗24),10gaugeconfigurations,Wilsonaction

β=5.7
κMπ/Mρ

0.16000.8625

0.16630.6129
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Exploringfurtherdilution

Pioneffectivemassplotsfordilutionintime,spinandeven-oddin

space,andfor8timedilutednoisevectorsatMπ/Mρ=0.6129.
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ErrorbehaviourofDilution

TSeoCGC+GeoSeo+GSeo+C+Geo

Dilution type
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•Betterthan1/
√
Nbehaviour

•Noobviousdilutiondependantbehaviour

June2004Lattice2004(Fermilab)Page9



ImprovingAlgorithmstoComputeAllElementsoftheLatticeQuarkPropagator(II)

EqualCostComparisonofDilution
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•Consistentlybettererrorbehaviourfordilution

•Justtimedilutiongivesworsethan1/
√
Nbehaviour
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Thereareotherparticlesbesidespions...

Particleswhicharedifficulttogetagoodsignalwithoutall-to-all

propagators

•P-waves(displaceψandψ̄)

•hybrids(1
−+

→P-waveforheavyquarks)

•static-lightsandfB

largegaininstatistics

fBfrompoint/smearedsourcesandsinks.

(seealsoS.Ryan’stalk)
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Meson/HybridOperators

QuarkModel

P=(−1)
L+1

Parity

C=(−1)
L+S

ChargeConjugation

1
+−

(
1
P1)(L=1,S=0)

O(~x,t)=ψ̄(~x,t)γ5~Dψ(~x,t)

1
++

(
3
P1)(L=1,S=1)

O(~x,t)=ψ̄(~x,t)~γ×~Dψ(~x,t)

1
−+

exotichybrid

O(~x,t)=ψ̄(~x,t)~γ×~B(~x,t)ψ(~x,t)

O(~x,t)=ψ̄(~x+~R,t)~γ∑
iPi(~x+~R,~x)ψ(~x,t)

wherePisthe“staple”pathfromψtoψ̄andBisthemagneticfield
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Static-LightMeson

Correlatorhasonequarkpropagator,thisisnoisywihpointsource

methods.Timedilutiononly(sofar...)
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NoiseRecycling

Forpairsofnoise/solutionvectors

η1,η2,η3...(1)

ψ1,ψ2,ψ3...(2)

whereMψi=ηi,wecontractapionpropagatorvia

ψ
∗

aγ5ηba6=b(3)

Ifallpairsarestoredthenwecancontractallpossiblecombinationsof

a,b(a6=b)withagainofN(N−1)/2∼N
2

instatisticsforN

pairs(Nlarge).
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Conclusions

•Thispreliminarystudysuggestsgreaterthan1/
√
Nimprovement

ofvarianceforincreasingnumberofdilutionvectors,N.

•Dynamicalgaugeconfigurationsveryexpensive.Needmethodto

obtainmaximalinformationfromtheseconfigurations

•Thismethodalsoappearstogivesignalsforconventionallynoisy

particlesonjust10configurations.Italsoincreasestheavailable

spectrumofparticles

•Themethodiseasilyimplementedandexpandableandisan

almost‘black-box‘technique
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Outlook

•Comparetechniquetoothervariancereductionmethods

•Searchfordilutiondependenceinsignals

•UseofSymanzikimprovedactions

•Afull-scalesimulationonagreaternumberofgauge

configurations.

•Increasethespectrumofparticles.

disconnecteddiagrams...

•Couplewithtruncatedeigenvectordecompositionand

noise-recyclingtechniques
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